Myositis ossificans (MO) is an extraskeletal tumor-like lesion with bone formation, and is relatively rare in the head and neck region. We report herein a clinicopathological analysis of MO associated with a muscle of mastication. The patient was a 70-year-old Japanese woman who presented with a tumorous mass in the right parotid area and no history of trauma. The surgically excised tumorous lesion consisted of proliferating fibroblastic cells with no atypia in the central portion, and a formation of trabecular osteoid and/or bony tissue in the peripheral portion as the so-called "zonal phenomenon". The final histological diagnosis was MO, and the lesion was located in the posterior belly of the digastric muscle on computer tomography. A review of the literature showed that many cases of MO predominantly affected the medial pterygoid and masseter muscle and showed a history of previous trauma. The present case represents a rare case of nontraumatic MO in the uncommon location of the posterior belly of the digastric muscle.
Introduction
Myositis ossificans (MO), a kind of heterotopic ossification in muscle tissue, is a benign, reactive lesion often, but not always, associated with previous trauma [1] . MO can be subclassified into 4 subtypes: 1) MO progressiva; 2) MO traumatica; 3) MO associated with neuromuscular and chronic disease; and 4) nontraumatic MO [2] .
Histopathological features typically show immature osteoid, mature bone formation and cellular fibroblastic tissues. Because the cellular fibrous and bony tissues are sometimes confused with extraskeletal osteosarcoma and other neoplastic lesions [1] , recognition and differentiation of MO are important. MO predominantly affects the limbs, and is uncommon in the head and neck region. In summary reviews of the literature of the head and neck region, the major locations have been the muscles of mastication such as the masseter and pterygoid muscles, with a few cases involving neck muscles, and many cases have shown a history of trauma or dental treatment [3] [4]. We encountered an extremely rare case of nontraumatic MO in the uncommon location of the posterior belly of the digastric muscle, and reported and discussed the clinical summary and histopathological characteristics with reference to the literature.
Case Presentation
A 70-year-old woman came to Nihon University Hospital at Matsudo with a chief complaint of discomfortaround the pharynx and cough. Family history was non-contributory. The patient had experienced mastopathy and reflux esophagitis, but no trauma of the head and neck, and reported no history of pain or trismus. Computed tomography (CT) showed a tumorous mass with calcification near the right side of the first vertebra (Figure 1) . The tumorous tissue was excised under a clinical diagnosis of benign parotid tumor.
The excised lesion was a solid, irregular ovoid tumor mass with calcification, measuring 4.5 × 2.3 × 1.5 cm and gray/black in coloration (Figure 2) . The specimen was dehydrated in a graded ethyl alcohol series, clarified in xylene, and embedded in paraffin. The paraffin-embedded specimens (paraffin blocks) were cut into 4-µm-thick sections and stained with hematoxylin and eosin (HE), Masson trichrome, and Elastica van Gieson staining (EvG).
Histopathological examination showed transitional features from proliferating fibroblastic cells at the center of the lesion to osteoid and trabecular bony tissues at the periphery, adjacent to existing muscle tissues and arteries (Figure 3 (a) and Figure 3(b) ). The osteoid matrix and bone were lined by osteoblastic cells. Masson trichrome staining showed blue-stained osteoid matrix, whereas mature bone matrix was reddish (Figure 3(c) ). The transitional feature corresponded to the "zonal phenomenon" known as a typical feature of MO. The fibroblastic component was also intermingled with infiltrating inflammatory cells and dilated vessels (Figure 3(d) ). The proliferating fibroblastic cells showed mild cellular pleomorphism with hyperchromasia and high cellularity, but no atypia or mitotic figures (Figure 3(d) and Figure 3(e) ). In addition, elastic fibers, stained blackish by EvG, were observed perivascularly to the bony tissue zone (Figure 3(f) ).
From these histopathological and CT findings, the final diagnosis was MO in the posterior belly of the digastric muscle.
The patient provided informed consent after the summary and purpose of the case report was explained to her. 
Discussion
MO in the muscles of mastication and facial expression are rare, but have been summarized in detail by Jiang et al. [3] and Aoki et al. [4] . We reviewed several additional cases [5] - [17] and provided a conclusive re-summarization. Patient age ranged from the first to ninth decade of life (median, fifth decade), and a slight male predominance was recognized. Both single and multiple cases have been reported, with single cases predominating. Major sites were the medial pterygoid and masseter muscle, with a few cases involving the buccinator muscle [16] and mentalis muscle [18] [19] . Multiple MO typically involved combined occurrences in bilateral pterygoid muscles, pterygoid and masseter muscles, external pterygoid muscle, or temporalis muscle. Because of the predominance of the muscles of mastication, the major chief complaint or clinical manifestation was trismus and pain, but the present case showed non-specific symptom except for discomfort around the pharynx and cough. Atypically compared to previous cases, the present case was an elderly woman. Our review of the English lite-rature suggests that the present case represents the first case of a single occurrence in the posterior belly of the digastric muscle, as defined from CT. Although MO is commonly associated with previous trauma or dental treatment, cases with no such contributory history have been known as nontraumatic MO since Samuelson et al. [2] first suggested this as a fourth subtype of MO. The present case corresponded to the forth subtype from the findings of the present case compared to the reported cases. Histopathologically, MO typically shows transitional features from cellular fibroblastic components to immature osteoid and mature trabecular bone tissues, and this feature is called the "zonal phenomenon" [1] . Transitional features were also clearly identified with bluish (uncalcified collagenous matrix) and reddish (calcified bone matrix) matrices on Masson trichrome staining. From the perspective of the differential diagnosis, MO histopathologically resembles extraskeletal osteosarcoma and other malignant tumors in soft tissue, because MO involves cellular fibroblastic components. However, osteosarcoma does not show the "zonal phenomenon", while cellular atypia is prominent. Because the present lesion showed mild cellular pleomorphism but no atypia or mitotic figures, osteosarcomas and other malignant tumors were excluded. In addition, because a cellular fibroblastic component is generally found in inflammatory pseudotumors and nodular fasciitis, this component of MO could be considered as a characteristic feature of non-neoplastic reactive lesions. MO could be differentiated from these lesions because of the presence of the zonal phenomenon.
The bone formation in MO is thought to be associated with heterotopic ossification or metaplasia. Although the details remain unclear, the presence of osteogenic stem cells and some cytokines and growth factors may be related to this heterotopic ossification. Morozov et al. [20] examined mesenchymal stem cells in human sarcomas and suggested that sarcoma-derived benign mesenchymal stem cells showing characteristics of pericytes are associated with differentiation into bone-forming cells. Inagaki et al. [21] recently found expression of dentine matrix protein-1 (DMP-1) in osteoblastic cells in MO, and indicated that this protein is a matrix marker of bone formation and mineralization in soft-tissue tumors. In the present case, dilated vessels were observed around the bony tissues, suggesting that the pericytes of the dilated vessels might have been involved in the osteoblastic differentiation. Bone development is generally and embryologically categorized into intramembranous and endochondral ossification. Because the MO in the present case showed osteoid and trabecular bone formation lined by osteoblastic cells, but no evidence of cartilaginous tissue, the heterotopic ossification resembled intramembranous ossification and suggested a characteristic feature in the formation of MO. Furthermore, elastic fibers were detected from the perivascular area to osteoid and bone areas with EvG. Although the biological significance of this finding is unclear, elastic fibers and their metabolism may be associated with bone matrix formation.
Because few cases of malignant transformation into parosteal osteosarcoma have been reported [2] [22], benign heterotopic ossification may be based on an osteogenic malignant pathogenesis. The most common treatment for MO is complete excision followed by physiotherapy. Furthermore, Becker et al. [5] suggested that long-term follow-up using CT is necessary, since significant calcified evidence of recurrence can occur within 12 months. Therefore, complete excision and long-term follow-up are necessary and important for nontraumatic MO to obtain well prognosis on oral surgery clinic. The present case has shown no recurrence as of 2 years after surgery.
